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nr.msion  of  seating  had  no  impact  on  use  level,  whereas  a redesign  to  provide  shel- 
ls seating  had  a modest  positive  impact.  In  this  study,  environmental  design  had 

■mior  effects  in  relation  to  microclimate. 


keywords:  open  space;  microclimate;  spatial  behavior;  public  space;  behavior 

mapping 


In  a previous  study  (Zacharias,  Stathopoulos,  & Wu,  2001),  observed  spa- 
tial behavior  in  downtown  open  spaces  was  related  to  microclimatic  condi- 
tions It  was  found  that  temperature  has  a preponderant  effect  on  presence, 
combining  positively  with  sunlight  and  negatively  with  wind  through  a 
threshold  temperature  of  22  °C,  whereon  public  presence  in  sunlight  begins 
to  decline,  along  with  overall  presence  in  public  space.  These  data  provided 
nonlaboratory  evidence  of  approach-flight  response  that  has  been  observed 
in  a variety  of  laboratory  and  natural  settings  and  for  several  environmental 
stimuli.  Recent  examples  include  the  relationship  between  temperature  and 
wlence  (Rotton  & Cohn,  2000),  odor  and  annoyance  (Liden  et  al.,  1997), 
"se  in  relation  to  annoyance  (Stallen.  1999)  and  to  cognition  and  aesthetic 
appreciation  (Mace,  Bell,  & Loomis.  1 999).  The  nonlinear  response  to  envi- 
l®®cntal  stress  in  humans  is  of  considerable  interest  for  a number  of  rea- 
J?'  or  example,  objective  measurements  of  stress  may  not  correspond 
.perceived  stress  because  people  respond  selectively  to  environmental 
^^BPosher  & Lu,  2000).  In  a variety  of  situations  where  ability  to  per- 
jl.  s Successtully  and  safely  is  crucial,  we  need  measurement  scales 
human  experience.  In  the  case  of  microclimate,  the  effects  of  solar 
pi®3.10’ humidity,  and  air  movement  on  comfort  can  be  predicted  from 
models  but  may  not  correspond  with  perceived  comfort.  It  is 
^^Hpsted  that  environmental  learning  may  be  important  in  response 
h*1*  env*ronmental  conditions.  Acclimatization  may  be  responsi- 
bly anges  ’n  spatial  behavior  after  a period  of  time.  Differences  in  spa- 
4h)&n8eVlor  across  cities  with  different  climates  also  suggest  differential 
pr°'e  t0  Same  am*5’ent  conditions,  although  these  variations  do  not 
H\va  o ambient  conditions  are  responsible  ( Koushki,  1 988:  Tanaboriboon, 


to  o ''VZUUIUUIIA  an.  ivapuiihiuic  (l\ui 

StinT  vh°r’  Walmsley  & Lewis.  1989). 


’ TTaiinsicy  tx.  Lewis,  lyoy). 

tint  phv"  ^ 3nt* components  of  microclimate  in  particular  have  impor- 


tjDl  _ “6"1  components  oi  microclimate  in  particular  nave  lmpor- 

°g'ca^  and  psychological  effects.  Exposure  to  sunlight  reduces 


and  the  length  of  depressive  episodes  (Benedetti,  Colombo, 


B^^Pori,  & Smeraldi,  2001).  Even  though  specific  negative  effects 
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of  direct  exposure  to  harmful  solar  rays  on  physical  health  are  «taU- , 
overall  human  health  is  enhanced  with  exposure  to  sunlight  and  light  (Bu.f' 
& Ntcholson,  2000;  Roberts,  2001).  The  availability  of  sLlight  infe  j 
mg  environment  may  be  particularly  important,  given  the  negative  eSt 
rale  attendance,  and  intentions  to  stay  in  workplace  found  in  studies  of 

L-“CSS  t0  thC  0Utd°°r  enVir°nment  (Leather-  ^ W Beale.  & 

Although  the  2001  plaza  study  demonstrated  the  preponderant  effects  of 
microclimate  in  the  spatial  behavior  of  users  of  open  space,  the  study  did  noi 

— thC  lmPortancc  of  these  environmental  variables  in  relation  to 
hers,  such  as  crowding,  the  presence  and  behavior  of  other  users,  and  envi- 
ronmental design.  Simply  put,  when  choice  is  unconstrained,  people  tend  to 
refer  to  microclimatic  conditions  when  deciding  where  to  spend  time  and  in 
ic  activities  to  engage.  How  will  people  respond  in  situations  of  limited 
supply  of  preferred  conditions?  Although  this  question  is  of  practical  impor- 
ance  in  t e present  case,  it  is  also  of  considerable  theoretical  interest  in  help- 
mg  us  understand  how  we  make  behavioral  choices. 

This  article  addresses  three  issues:  First,  is  the  response  to  microclimatic 
condition  invariant  across  microclimatic  regimes?  The  response,  measured 
in  terms  ol  spatial  behavior  of  plaza  users  in  San  Francisco,  is  compared  with 
at  uncovered  in  Montreal.  Second,  when  faced  with  a limited  supply  ot  the 
most  preferred  environmental  condition,  will  people  respond  by  crowding 
into  the  preferred  space  or  move  into  less  desirable  space?  Does  the  presence 
of  smokers  further  constrain  the  spatial  choice  or  otherwise  affect  the  distri- 
bution of  people  over  space?  Third,  we  would  like  to  know  whether  environ- 
mental design  mitigates  tor  less  than  ideal  microclimatic  conditions,  as  6 
suggested  by  some  planners.  This  last  question  is  addressed  by  examining  the 
ehavior  before  and  after  a redesign  of  a plaza  and  by  examining  plaza-u'f 
level  in  relation  to  the  supply  of  seating. 


THE  SAN  FRANCISCO  CASE  STUDY 

In  1985,  San  Francisco  introduced  some  of  the  most  stringent  requirv" 
ments  ever  legislated  in  North  America  to  manage  the  microclimatic  environ- 
ment of  privately  owned  public  space  (City  and  County  of  San  Francis^ 
, 985).  Accessible,  open  spaces  were  required  in  all  new  office  building  Pr,>' 
jects,  and  the  microclimatic  environment  of  existing  privately  owned  spaff 
was  also  protected.  In  several  cases,  the  heights  and  volumes  of  new  t,ul 
mgs  were  severely  reduced  from  permissible  levels  to  protect  plazas  all**0* 


ja  existence  in  the  downtown  area.  These  requirements  were  widely  publi- 
ured.  discussed  in  the  academic  legal  literature  (Vettel,  1985),  and  emulated 
niany  cities,  including  Montreal.  The  1985  plan  was  a response  to  per- 
ked overbuilding  in  downtown  San  Francisco  in  the  decade  following  the 
r%9  urban  design  plan.  Tall,  bulky  buildings  reduced  sunlight  on  plazas  and 
contributed  to  air  turbulence.  It  was  argued  that  the  particular  environmental 
conditions  of  San  Francisco  merited  a special  approach  to  the  management 
of  the  microclimate  (Cherulnik,  1993).  In  particular,  cool  temperatures 
throughout  the  year,  a humid  breeze  from  the  Pacific  Ocean,  and  frequent  sea 
fog  were  thought  tojustify  extensive  protection  for  sunlight  in  public  plazas. 

When  cities  negotiate  open-space  requirements  with  developers,  they  typ- 
ically grapple  with  choosing  between  more  open  space  and  space  of  higher 
quality.  In  densely  built-up  downtown  areas,  light,  sunlight,  and  shelter  from 
wind  and  turbulence  are  already  at  a premium.  In  typical  situations,  planners 
musi  choose  between  maximizing  the  opportunity  for  space  acquisition  and 
serving  smaller  spaces  that  provide  ideal  location  and  microclimatic  condi- 
tions- In  practical  terms.  Will  people  crowd  into  those  smaller  spaces  of 
higher  quality?  Are  there  lower  limits  to  personal  space  in  downtown  plazas 
(Hall,  1966),  which,  when  reached,  lead  people  to  move  into  a public  space  of 
*Wer  environmental  quality?  Might  they  forego  the  plaza  visit  entirely 
should  they  be  unable  to  enjoy  it  in  physical  and  psychological  comfort? 
Although  privately  owned  public  space  is  physically  attached  to  buildings 
fusing  workers,  who  constitute  most  of  the  open  space  users,  those  users 
choose  among  several  or  many  open-space  alternatives.  In  an  environ- 
nt  such  as  downtown  San  Francisco,  where  sunny,  protected  outdoor 
P®-e  is  relatively  scarce,  we  may  determine  the  extent  to  which  people  will 
into  those  preferred  areas  or,  alternatively,  forego  physical  comfort  for 
sake  of  psychological  comfort.  From  the  public  policy  standpoint,  if  peo- 
rcadily  make  such  compromises  with  physical  comfort,  then  it  may  be 
Rested  that  maximizing  the  amount  of  public  open  space  or  focusing  on 
..  esign  are  more  important  than  obtaining  places  with  excellent  micro- 
c]j  at'C  cHaracteristics.  Understanding  the  relationship  between  micro- 
. Ic  conditions  and  spatial  behavior  does  not  allow  planners  to  decide  on 
yjj®  at'Ve  weight  to  accord  factors  such  as  location,  landscaping  materials, 
nSr’ttUcroclimatc  or  on-site  services.  For  this  additional  reason,  we  attempt 
uj^Blish  the  importance  of  the  amount  of  open  space  in  relation  to  its 
dmatic  regime,  using  human  behavior  as  criteria, 
jug.  ^ effect  of  design  on  human  behavior  can  also  be  evaluated  by  observ- 
'Uto'  3V'0r  before  and  after  the  design  change.  One  of  the  plazas  underwent 
H?*0r  design  transformation  to  promote  public  use  after  our  first  public- 
| Urvey.  The  bench  and  planting  groups  of  this  redesign  have  become  a 
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Figure  1:  The  Seven  Plazas  in  San  Francisco  Where  Observations  of  Spa*'8 
Behavior  Were  Carried  Out 


standard  solution  everywhere.  Benches  are  now  included  in  nearly  all  P 
vately  owned  public  space  and  often  must  meet  stringent  standards  ^ore^( 
nomic  comfort.  The  standards  in  San  Francisco  specify  both  the  number  ^ 
type  of  bench,  although  the  majority  of  the  plazas  studied  were  actu 
ated  before  such  standards  came  into  effect.  In  our  case,  we  look  at  the  e 
of  seating  provisions  on  plaza  use  versus  microclimatic  condition. 

As  in  the  Montreal  study,  seven  privately  financed  and  ownu  1 
closely  spaced  in  the  downtown  core  were  selected  for  the  observation  ^ 
(see  Figure  1).  At  each  periodic  census,  every  person  in  the  P aZ 
recorded  in  position  standing,  sitting,  or  smoking  a cigarette.  Su 
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Jaded  areas  were  drawn  on  the  map.  Air  temperature  readings  were  taken  in 
the  shade  at  a central  position  in  the  plaza,  and  wind  conditions  were 
recorded  subjectively  at  three  levels,  corresponding  to  no  perceivable  wind, 
slight  wind,  and  considerable  wind.  Surveys  were  not  conducted  in  the  rain. 
The  data  were  recorded  continuously  over  a period  spanning  from  1 1 :30  a.m. 
lo  3:00  p.m.  on  weekdays  by  one  trained  observer,  who  moved  between  the 
spaces.  A total  of  347  plaza  censuses  and  12,378  individuals  were  recorded 
Juring  the  months  of  February,  March,  and  April  1994  and  during  February 
and  March  1998.  The  Montreal  study  was  conducted  in  April,  May,  June, 
September,  and  October,  using  the  same  daily  schedule.  Times  of  year  with 
marginally  good  conditions  for  outdoor  activity  were  chosen  to  try  to  ensure 
'hat  we  would  be  observing  daily  variation  in  behavior  in  accordance  with 
variable  conditions. 

The  behavioral  data  were  transferred  to  a Geographical  Information  Sys- 
!em  (GIS).  A single  regression  equation  for  spaces,  times,  temperature,  sun, 
We,  and  wind  was  derived  from  this  set  and  compared  with  the  200 1 equa- 
ton.The  relationship  between  sunlight  and  human  presence  was  explored.  In 
particular,  the  nonlinear  nature  of  this  relationship  was  investigated  as  a way 
1 understanding  how  social  factors  interact  with  microclimatic  factors  in 
Savior.  Similarly,  human  density  was  calculated  for  sunlit  and  shaded 
^as  over  all  spaces  and  times.  We  were  also  able  to  test  the  impact  of  one 
k'ign  on  behavior  while  controlling  for  microclimate.  A standard  t test  was 
riducted  for  presence  in  the  redesigned  part  of  the  plaza  before  and  after 
'^mentation  of  the  design  and  in  relation  to  presence  in  the  rest  of  the 
aza-  Finally,  the  effect  of  seating  provision  was  tested  by  measuring  the 
*f**ength  of  seating  in  sun  and  shade,  counting  the  number  of  people  seated 
Doth  conditions.  Multiple  regression  analysis  was  performed  to  uncover 
"nportance  of  seating  provision  in  presence. 


PLAZA  MICROCLIMATE  AND  PUBLIC  PRESENCE 

recorded  air  temperature  varied  from  11.7  °C  to  23.3  °C,  with  a 
Table311  temPerature  °f  15-2  °C.  Presence  in  the  plazas  recorded  in  1998  (see 
) follows  the  familiar  bell  curve  over  time,  with  a single  peak  between 
Mr  and  1 :00  p.m.,  although  presence  level  varies  considerably  among  the 
fcfaPlazas  (see  Figure  2).  There  are  some  obvious  differences  in  user 
among  the  plazas.  For  example,  Monument  Plaza  has  a highly  diverse 
jagT*  deluding  homeless  people,  whereas  1 Bush  Plaza  is  also  the  main 
mg  base  for  the  city’s  messenger  corps. 


644 
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time  interval  (30  min) 


figure  2:  Mean  Presence  in  Downtown  Open  Spaces  Over  Time 

1 s Monument  Plaza;  2=101  California  Plaza;  3 = Bank  of  America  Plaza;  4 = McKesson 
Pta2a;  5 = Trinity  Plaza;  6 = Fremont  Plaza;  and  7 = 1 Bush  Plaza. 


As  in  the  Montreal  case  (2001),  the  presence  data  were  divided  into  30- 
rn,nute  temporal  periods,  corresponding  to  the  major  variations  in  presence 
^served  in  plazas  from  1 1 .00  a.m.  to  3.00  p.m.  The  relationships  between 
e number  of  people  in  seven  open  spaces  and  the  microclimatic  variables, 
. space  and  time  of  census  are  presented  in  Table  2.  The  microclimatic 
tables,  open  space  and  time  of  census  are  coded  with  dummy  variables 
.multiple  regression,  and  ANOVA  tests  were  carried  out.  Microclimatic 


'tables 


account  for  about  1 1 % of  the  variance,  place  accounts  for  7%,  and 


jg  accounts  for  1 1%.  These  components  of  variance  compare  with  12%, 
7%,  respectively,  in  the  Montreal  study.  Although  it  would  be 
B*®'*  that  the  importance  of  place  in  spatial  behavior  would  vary  across 
BSjp  me  nearly  identical  role  of  microclimate  is  of  considerable  interest 
■ Also,  as  shown  previously,  the  presence  of  wind  reduces  public  pres- 
ide c”  ^aZas  across  the  temperature  range  experienced  in  San  Francisco 
Study. 


^ sufficient  for  sun  at  14.5  is  substantially  greater  than  for  the  Montreal 
a Point  that  is  examined  later  in  this  article. 


«g.  men  is  cActiimicu  i<uci  in  iin>  anisic. 

lj^0  temperature  ranges  from  the  1998  data  set  are  examined  in  detail, 
^ c to  1 5.5  °C  (n  = 1 25)  and  1 5.5  °C  to  20.5  °C  (//  =125),  with  all  individ- 
nding  and  sitting  counted  separately  (see  Figure  3).  Although  total 
n,lddnce.m  consistently  higher  at  the  higher  temperature  range  across  the 
P'hnie  intervals,  the  proportion  of  people  sitting  is  also  higher  at  these 


TABLE  2 

Analysis  of  Presence  in  Public  Open  Spaces 

Multiple  Regression  Variable Regression  Coefficient  t Value  R R2  Adjusted  R2  ANOVA  F Value 
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2.00- 


figure  3:  All  Individuals  Recorded  in  Plazas  at  Temperature  a and  b 

NOTE:  Temperature  a = 11.7  °C  to  15.5  °C  (n=  1 24  censuses).  Temperature  b = 15.5  °C  to  20.5  °C 

124  censuses). 

h‘^her  temperatures.  For  example,  for  every  person  standing  at  the  lower 
'mPeratures,  there  are  4.0  persons  sitting,  whereas  at  the  higher  tempera- 
Iures>  4.5  persons  are  sitting.  This  is  consistent  with  the  theory  that  greater 
Thermal  comfort  is  required  to  remain  seated  and  is  consistent  with  compara- 


ble 


e|npirical  evidence  in  Montreal  (Zacharias  et  al.,  2001). 
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do  not  know  whether  a lower  level  of  human  comfort  is  compensated 
°y  a shorter  stay  over  our  sample  data  because  stay  duration  was  not 
°rded.  However,  in  a sample  study  of  Fremont  Plaza,  stay  duration 

0 recorded  for  1 00  individuals  across  a temperature  range  from  1 6.7  °C  to 

N°  significant  correlation  betw  een  stay  duration  and  temperature  was 
**  f°r  this  sample,  with  the  mean  stay  at  20  minutes  and  standard  devia- 
at  14  minutes.  Observation  suggests  that  other  factors,  such  as  an  ongo- 
^g®Oversation,  lunch  with  another  person,  or  reading  material,  lead  to 
stays.  Because  of  these  other  factors,  a much  larger  sample  of  individ- 
flfWtll  be  needed  to  determine  whether  a relationship  exists  between  stay 

1 0n  and  microclimate. 

. sometimes  suggested  that  a variety  of  environmental  conditions  is 
le  for  the  urban  plaza  because  people  have  different  needs  at  different 
because  the  complex  nature  of  these  needs  is  best  met  with  a variety 
^Rff^ape  and  microclimatic  conditions.  If  this  is  so.  then  we  might  expect 
■ *1  hme  and  place  and  in  relatively  clement  conditions,  people  will 


Xl 
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distribute  themselves  rather  evenly  over  the  local  environmental  conditions 
For  example,  we  might  expect  a linear  relationship  between  the  proportion  of 
people  in  sunlight  and  the  proportion  of  the  plazas  in  sun.  In  this  sample  of 
seven  plazas,  the  relationship  is  indeed  quite  strong  ( R 2 = .461 ; F-  156.  2 -P< 
.0001).  However,  it  appears  more  likely  that  a nonlinear  relationship  exists. 
For  example,  people  will  visit  plazas  with  poor  microclimatic  conditions  less 
often,  as  shown  below.  Those  who  do  visit  will  tend  to  distribute  themselves 
over  varying  conditions  in  the  plaza  but  gravitate  into  better  conditions  when 
they  become  more  prevalent. 

Is  the  claim  for  more  stringent  open-space  criteria  in  San  Franciscojusti- 
fied?  If  unique  responses  were  to  be  observed  here — whether  the  cause  was 
acclimatization  or  simply  high  humidity — then  we  might  respond  affirma- 
tively. Alternatively,  if  observed  behavior  were  invariant  across  environ- 
ments when  only  temperature  and  sunlight  are  considered,  then  we  might 
consider  a universal  standard  for  human  comfort  in  outdoor  space  based  on 
these  factors  alone.  There  is  an  abundance  of  written  material  suggesting  that 
San  Francisco’s  environment  is  unique,  where  human  comfort  is  concerned. 
For  example,  whereas  temperatures  remain  moderate  throughout  the  year, 
they  seldom  exceed  22  0 C.  Although  it  is  often  said  that  San  Francisco  is  a 
humid  city,  relative  humidity  varied  between  59%  and  61%  during  our  cen- 
sus months,  whereas  in  Montreal,  the  comparable  figures  were  52%  and 
65%.  No  significant  differences  in  wind  were  detectable  in  the  two  sample*- 


and  humidity  on  site  was  not  measured. 

The  temperature  ranges  compared  are  12  °C  to  22  °C  in  both  cases, 
divided  into  five  2-degree  intervals.  The  rates  of  participation  in  activity 
the  two  cities  are  compared  in  Table  3.  It  will  be  seen  that  the  proportions  o 
plaza  users  engaged  in  the  same  activities  are  relatively  similar  in  the  two 
cases,  with  only  3 cases  of  significant  difference  out  of  24  paired  data 
The  response  in  each  city  to  local  conditions  when  only  temperature  i 
sidered  is  the  same.  We  therefore  reject  the  claim  that  high  relative  hu 
in  San  Francisco  requires  special  environmental  countermeasures  to 1 ^ 
public  presence  in  plazas.  Rather,  temperature  and  sunlight  remain  vt 
the  only  measurable  environmental  factors  in  human  presence  and  a 
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Figure  4:  Proportion  of  Plaza  Users  in  the  Sun  as  a Function  of  the  Proportion  of 
the  Plaza  in  the  Sun 

plaza,  time,  and  temperature  treated  as  independent  variables  in  a multiple 
regression.  There  is  no  significant  relationship  between  area  per  person  and 
any  of  these  variables.  The  mean  area  occupied  is  73  m2,  with  a standard  devi- 
ation of  68.  If  people  were  thought  to  distribute  themselves  across  the  plaza 
such  that  space  was  more  important  than  sun,  then  one  could  expect  a linear 
relationship  between  the  proportion  of  the  plaza  in  the  sun  and  the  proportion 
of  plaza  users  in  the  sun.  However,  the  relationship  is  clearly  nonlinear  and  is 
in  fact  rather  complex  (see  Figure  4).  The  best  fit  for  regression  is  logarith- 
mic, as  illustrated  in  Figure  4 (/?2  = .746;  p < .0001).  As  more  plaza  space 
becomes  sunlit,  a proportionately  higher  number  of  users  are  found  there, 
whereas  virtually  all  users  are  found  in  sunny  areas  when  the  proportion 
the  plaza  in  the  sun  is  as  low  as  .30.  It  can  be  concluded  that  there  are  upper 
limits  to  crowding  in  the  most  favorable  conditions,  but  users  will  gravitate 
those  spaces  when  they  become  available. 

The  preference  for  sun  in  public  space  can  be  looked  at  another  ^ 
Sunny  areas  have  4.5  times  as  many  people  per  unit  area  as  shaded  ^ 
across  the  entire  sample.  Because  the  plaza  benefit  must  be  evaluated  in  ^ ; 
planning  negotiations,  the  plaza  areas  in  sun  or  shade  could  be  weig 
using  values  such  as  these. 

We  might  also  examine  only  those  areas  actually  hosting  people  Is 
difference  in  the  density  between  those  habitually  occupied  areas  »i  . 
and  those  in  shade?  The  units  were  9 nf  squares  laid  at  random  on  t c ^ ^ 
The  highest  density  was  found  on  parallel  benches  facing  the  sun  sue 
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McKesson  Plaza,  where  there  were  as  many  as  15  people  seated  within  9 m2. 
It  is  perhaps  obvious  that  the  plazas  where  the  greatest  proportion  of  the  sur- 
face area  was  in  use  were  also  those  with  the  highest  levels  of  use  overall. 
Less  obvious  is  the  fact  that  the  proportion  of  surface  area  in  use  is  closely 
related  to  the  proportion  of  the  plaza  area  in  sunlight  over  time  (see  Table  4). 
The  mean  number  of  people  per  square  in  sunlight  was  3.34,  and  the  number 
of  people  per  shaded  square  was  2.15,  a significant  difference.  It  is  clear  that 
people  have  a higher  tolerance  for  others  in  sunlit  areas  than  they  do  in  shaded 
areas.  It  is  worth  noting  at  the  same  time  that  only  a small  part  of  each  plaza 
actually  hosts  people  over  time  and  environmental  condition. 

Because  local  residents  or  workers  have  preformed  ideas  about  the  plazas 
within  walking  distance  (e.g.,  some  are  regarded  as  pleasant,  bright,  and 
sunny,  whereas  others  are  seen  as  windy  or  dark  and  cold),  a general  impres- 
sion may  be  gained  simply  by  general  levels  of  sunlight.  Choosing  to  visit  a 
plaza  may  then  draw  on  a preformed  impression  about  the  sunlight  levels  in 
the  plaza.  In  our  case,  we  considered  time  periods  separately  but  combined 
all  temperature  levels.  The  total  visit  rate  for  the  plaza  was  related  to  the  met- 
ric area  in  sunlight  ( R 2 = .223;  F = 14.3 12;  p < .0004),  whereas  the  relation- 
ship between  total  visit  rate  and  the  metric  area  of  the  plaza  was  not 
significant  in  our  sample.  It  must  be  concluded  that  people  do  generally  favor 
plazas  with  higher  levels  of  sunlight,  whereas  the  size  of  the  plaza  is  not  sig- 
nificant in  preference.  Location  factors  and  surrounding  land  uses  could  be 
important  in  these  decisions.  In  this  study,  we  tried  to  control  for  these  factors 
ty  considering  only  plazas  that  were  close  to  each  other  within  the  downtown 
core. 


The  second  social  factor  considered  in  the  distribution  of  people  was 
■"oking  behavior.  We  might  expect,  given  the  public  discourse  on  the  dan- 
Sws  of  consumption  of  second-hand  tobacco  smoke,  that  smokers  would  be 
£flaUy  segregated  from  nonsmokers.  We  might  also  expect  that  habitual 


beh; 


41th, 


iavior  of  both  groups  would  lead  to  a pattern  of  use  across  the  plaza. 


iough  there  is  no  enforced  segregation,  people  may  organize  themselves 
ectively  for  a number  of  possible  reasons.  Of  immediate  interest  is  the 
ect  the  presence  of  smokers  may  have  on  the  use  of  the  environmentally 


deferred 


parts  of  the  plaza. 


The  Bank  of  America  Plaza,  with  a relatively  high  proportion  of  smokers, 
s chosen  to  see  whether  patterned  spatial  segregation  existed.  The  same 


"as  ( 
spatial 

rotits  Ur"tS  Were  use^  as  *n  tble  Prevt°us  analysis.  Individuals  within  the  61 
Were  sorted  into  the  following  categories:  smokers  without  nonsmokers 

.scm.  m _ i i i ..:*i i 


d 'n1,  smokers  with  nonsmokers,  and  nonsmokers  without  smokers.  There 
*ith  Stant'al  segregation  of  the  users.  Of  the  142  smokers,  1 1 1 were  alone  or 
lf™er  smokers  only,  whereas  3 1 smokers  were  with  73  nonsmokers.  The 


£ 


I 


Zacharias  et  al.  / SPATIAL  BEHAVIOR  653 


remaining  1 ,298  nonsmokers  were  not  with  smokers.  However,  the  smoking 
users  were  not  responsible  for  displacement  of  others  in  the  plaza.  Smokers 
form  the  majority  (more  than  23%)  of  the  plaza  surface,  although  they  consti- 
iute  only  10.4%  of  the  total  population  in  37  censuses  (only  the  1998  census 
included  smoking  activity).  Their  preferred  locations  are  those  largely 
rejected  by  the  majority  users. 

Examination  of  Trinity  Plaza  shows  the  same  pattern:  53  smokers  alone, 
12  smokers  with  33  nonsmokers,  and  300  nonsmokers  alone  in  their  spaces. 
Although  16%  of  the  users  smoked,  they  formed  the  majority  in  1 1%  of  the 
plaza  area,  all  of  it  located  in  permanent  shade. 


MICROCLIMATE  VERSUS  LANDSCAPING  DESIGN 
IN  PUBLIC  PRESENCE 


One  of  the  plazas,  the  A.P.  Giannini  Plaza  at  the  Bank  of  America,  under- 
went major  redesign  between  our  earlier  census  and  the  later  one.  This  plaza 
is  famous  or  infamous  for  being  located  almost  entirely  on  the  shady  but  pres- 
tigious  California  Street  frontage  of  the  office  tower  (see  Figure  5).  Masayuki 
Nagare’s  well-known  sculpture  officially  known  as  Transcendence  but  known 
Popularly  in  the  city  as  the  Banker’s  Heart,  is  a black  granite  monolith  lying 
on  the  stone  floor  of  the  plaza.  In  the  earlier  design,  a few  unsittable  concrete 
Planters  were  distributed  across  the  floor  of  the  plaza,  and  nothing  else  but 
slePs  and  the  outer  ledges  were  provided  for  sitting.  In  an  effort  to  bring  life  to 
plaza  in  front  of  the  building,  substantial  investment  was  made  in  a rede- 
*gn  of  the  surface  materials  and  furnishings  to  attract  people.  Only  the  Cali- 
0rrna  Street  plaza  area  was  redesigned,  as  illustrated  in  the  figure.  The  so- 
caUed  stone  heart  was  laid  on  a planter  filled  with  grass,  and  the  planter  edge 
85  made  sufficiently  large  to  allow  sitting.  New  bench  and  planter  groups 
ere  introduced.  The  benches  are  large,  classic,  garden  wood  benches, 
airanged  in  groups  and  protected  from  prevailing  breezes  by  bamboo.  Many 
. ^ sittable  planters  now  line  the  area  in  front  of  the  columns  to  the  build- 
softening  the  hard  edge  between  plaza  and  building  from  the  typical  Cal- 
ftia  Street  approach.  The  sunlight  strikes  the  seating  area  at  the  peak  use 
^earound  noon,  at  the  same  time  as  the  back  of  the  building,  where  most  of 
Pjaza  users  are  located. 

"e  Uses  of  the  redesigned  part  of  the  plaza  and  the  plaza  in  the  original 
fc/aitl°n  were  studied  before  and  after  redesign.  Because  the  intended  effect 
K®  bring  more  people  to  the  redesigned,  front  side  of  the  plaza,  we  simply 
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Figure  5:  The  Bank  of  America  Plaza,  555  California  St.,  San  Francisco 

NOTE:  All  individuals  counted  within  9 m2  squares  over  54  censuses,  represented  by  the  size  °f 
circle. 

examined  the  proportion  of  the  users  located  there  before  and  after  the 
redesign. 

As  can  be  seen  in  Table  5,  a slight  but  significant  increase  was  observed  in 
the  use  of  the  redesigned  part  of  the  plaza.  Whether  the  return  in  use  level  jus 
tified  the  investment  is  for  others  to  judge.  Whether  the  visual  improvements 
are  appreciated  by  San  Franciscans  and  compensate  for  a history  of  inimic'a 
feelings  toward  the  building  and  the  plaza  has  not,  to  our  knowledge,  bee 
assessed. 

Finally,  we  consider  whether  the  provision  of  seating  surfaces  is  a 
factor  in  human  presence  in  the  plazas.  Whyte  (1988)  observed  that 
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TABLE  5 

Before  and  After  Use  of  the  Redesigned  Part  of  the  Bank  of  America  Plaza 


M Proportion  M Proportion  Number  Number 

ot  Users  Before  of  Users  After  Before  After  t Value  p Value 


TABLE  6 

The  Effect  of  Seating  Provision  on  Public  Presence 


Regression 


ANOVA 


F Value  p 


38,982.099 


12,994.032 


41.329  <.001 


NOTE:  SS  = sum  of  squares;  MS  = mean  of  square. 


Table  7 

Regression  Coefficients  for  the  Effect  of  Seating  Provision 


intercept 


Temperature  t 


Seating 


.071  8.126 


NOTE:  Each  f value  refers  to  the  preceding  coefficient. 


effective  carrying  capacity  of  plazas”  was  less  than  the  real  capacity  in  his 
study  °f  New  York  corporate  plazas.  In  our  study,  all  ledges,  walls,  planter 
^ges,  and  benches  where  people  could  sit  were  included,  along  with  steps,  if 
11  Was  seen  that  the  steps  were  actually  used  for  this  purpose.  The  total  length 
surfaces  was  calculated  for  each  plaza.  In  the  case  of  steps,  three  rows 
Counted  as  a single  sitting  area,  whereas  the  sitting  ledges  at  101  California 


lreet  were  reduced  from  five  to  two,  based  on  the  observation  that  people 
^er  sat  more  than  two  deep.  Bench  provision  varies  considerably  among 
e Plazas,  with  141  m of  bench  in  Bank  of  America  Plaza  and  just  23  m in 

rin'ty  Plaza. 


Stepwisc 


multiple  regression  was  performed,  using  time  of  day,  tempera- 


seating,  and  area  in  sun  as  independent  variables.  As  predicted  from  the 


uus  study,  time  and  temperature  have  a preponderant  effect.  The  amount 

^citinrr  Un, i ^ _ . lit / rT'„ i . . . r 1 n\ 


a,lng  has  a very  modest  impact  on  public  presence  (see  Tables  6 and  7). 
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DISCUSSION 


Microclimatic  conditions  in  San  Francisco  are  much  more  uniform  than 
they  are  in  many  other  North  American  cities.  Although  a positive  linear 
response  to  rising  temperature  and  increasing  sunlight  observes  the  trends 
found  elsewhere,  nonlinear  trends  cannot  be  seen.  It  could  be  argued  that  the 
temperatures  experienced  in  the  city  are  within  a range  where  sunlight  has  a 
positive  (i.e.  use-inducing)  effect.  In  cities  experiencing  higher  normal  tem- 
peratures, more  shade  will  be  desired.  These  variations  in  local  response  and 
need,  however,  can  now  be  subsumed  within  a single  response  model. 

It  is  conventional  wisdom  that  people  exposed  on  a long-term  basis  to  pre- 
vailing cold  conditions  evaluate  extremes  of  heat  and  cold  differently  than  do 
people  experiencing  sustained  hot  conditions.  These  two  studies  confirm  that 
spatial  behavior  as  an  indicator  of  human  comfort  is  invariant  across  two 
quite  different  climatic  regimes.  It  would  be  very  useful  to  know  whether 
subjective  evaluations  of  identical  conditions  by  two  such  groups  of  people 
vary.  For  example,  we  need  to  know  how  to  interpret  the  subjective  scales 
now  being  developed  for  evaluation  of  various  environmental  stressors. 

The  preliminary  attempt  at  combining  social  and  design  factors  with 
microclimatic  variables  in  this  study  represents  the  typical  situation  encoun- 
tered in  environmental  studies.  Because  many  such  studies  are  driven  by  the 
need  to  make  environmental  decisions,  we  will  need  to  understand  better  the 
relationship  between  physical  and  social  factors.  Although  we  merely  exam- 
ined how  smoking  and  nonsmoking  users  interacted,  any  number  of  other 
identifiable  groups  of  users  could  be  examined  in  the  same  way.  It  would  also 
be  useful  to  examine  the  impact  of  activity  programs  on  people’s  presence  w 
relation  to  microclimatic  and  design  factors.  Whyte  (1988)  recommended 
that  such  activities  were  essential  in  promoting  a sustained  pattern  of  use  and 
the  management  of  pathologies.  His  suggestions  have  inspired  the  corporate 
takeover  of  some  public  space,  such  as  Sony  Plaza  at  the  former  AT<x 
Building  in  New  York  City.  Therefore,  such  ideas  now  require  systematic 


study  before  they  become  untested  prescriptions. 

The  specific  study  of  environmental  design  carried  out  in  this  study  Pr0" 
vides  only  highly  preliminary  assessments  of  the  effect  size  of  environme  ^ 
design  in  relation  to  microclimate.  A useful  next  step  would  be  a study  0 
larger  sample  of  open  spaces  before  and  after  redesign.  Although  many  P 
erence  studies  of  environmental  design  have  been  conducted,  there  re 
very  few  quantified  studies  of  use  and  still  fewer  studies  of  use  controlling 


the  design  itself. 
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CONCLUSION 

If  this  study  of  spatial  behavior  in  downtown  open  spaces  in  San  Francisco 
can  be  considered  a test  of  the  widely  stated  reasons  for  the  requirements 
bought  into  effect  in  1985,  we  can  state  that,  in  general,  such  requirements 
were  called  for.  The  relatively  low  proportions  of  plazas  in  sunlight  have  an 
inhibiting  effect  on  use.  Clearly,  maximizing  the  areas  in  sunlight  should  be  a 
far  higher  priority  than  adding  to  the  stock  of  open  space. 

It  is  not  apparent  that  open-space  users  in  San  Francisco  exhibit  unique 
behavior,  regardless  of  the  reason.  Microclimate  has  the  same  importance  in 
spatial  behavior  in  two  cities  where  the  temperature,  humidity,  and  sun  con- 
ditions  are  substantially  different.  At  least  in  these  two  temperate  climate  cit- 
ies. air  temperature  and  sunlight  account  for  much  of  the  variance  in 
behavior.  Although  the  presence  of  wind  clearly  acted  as  a use  inhibitor  in 
both  these  case  studies,  a study  that  more  carefully  measured  wind  effects 
and  spatial  behavior  would  be  desirable,  particularly  in  light  of  the  standards 
in  effect  in  most  cities.  The  results  of  the  present  study,  together  with  the  pre- 
vious one,  suggest  the  invariability  of  human  physiological  responses  across 
microclimatic  regimes. 

This  study  did  not  reveal  that  the  provision  of  seating  in  plazas  had  a sig- 
nificant effect  on  plaza  use.  Again,  in  relation  to  the  principal  factors  of  tem- 
perature and  sunlight,  the  amount  of  seating  provision  is  unimportant, 
father,  the  quality  and  position  of  such  seating  will  largely  determine 

A hether  it  is  used. 
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